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(57) Abstract: The invention is a dielectric resonator 
in the shape of a truncated cone and variations with a 
longitQcfina] through hole. The trancated cone sh^ 
jAysically di^aces the Hii mode fium the TE mode in 
the longitudinal direction of the cone. Paniculaiiy, the 
TB mode tends to concentrate in the base of the cone 
while the Hn mode tends lo concentrate al the top of 
Uie cone. By truncating the cone so as to eliminate the 
portion of the cone where theHu mode field eadsls, yet 
keep the portion of the cone where the TE mode exists, 
the H| I mode can be virtually eliminated «^iile having 
noeffect on the magnitude of dieTEmode. Resonatois 
In aocoxdance with the invention may be used to build 
low-loss conqnct andtor variable bandwidth filters, os- 
cillaiors, and other circuits, particularly mictowave dr- 
caits. The conical resonators are arranged relatively to 
each other within an endosnie in a vay efBcient and 
compact design that enhances coupling and the adjusta- 
bility between adjacent fcsonatnrs. A plurafiiy of con- 
ical dielectric xesonatois may beananged in the enclo- 
sure such that the longitudinal orientation of each res- 
onator is inverted rehUrve to its adjacent Tesonator(s). 
, Alternately, the corneal resonators may be arranged in 

a radial pattern relative to each other. Tbe invention also comprises a !^tral coupling loop that provides greater magnetic flux in 
the same physKal volume. Fuithei; conical resonatois can be positioned relative to microstrips on primed ciicuit boaids and o flier 
s^trates so as to provide enhanced electromagnetic coupling betvireen the resonator and the nricrostrip. Particulariy because the 
TH mode tends to be concentrated in the base portion of the resonator, the resonator can be mounted upside down to the subsuate in 
the viaraty of the imaostrip. In this manner, the TE mode field concentration is positioned above and more closely to the raicrostrip 
than with cybndrical resonators. Accordingly, the TE mode field can be positioned much closer to the microstrip than pievionsty 
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DIELECTRIC RESONATORS AND CIRCPITS MADE THEREFROM 
Bield of the htventioii 

The inveotion pertains to dielectric resonatois, sock as Aose used in micro wve 
drcuits for coocentratiDg dectric fields, and to the dicuits made &om them, such as 
miooiTOve filtm, oscaUatoj^ triplexers, anfcranas etc. 

Backgroimd of flie Inveniion 

Dielectric lesonatoxs aze used in mai^r circuits, particularly miax>ivave drcuifs, fi>r 
concentrating electric fields. Ihey can be Bsed to form filters, oscillators, triplcxersa^ 
circuits. The higgler the dielectric ccmstant of the dielectric male^ 
resonator is fonned, the smaU^- fte space within which the electric fields are concentrated. 
Suitable didectric materials for fthricafti^; dielectric resonators are available todqr wiUi 
dielectric constants ranging fix)m qjproximately 10 to i5)proximately 150 (relative to air). 
These dielectric materials geooally have a mu (magnetic constant) of 1 , i.e., they are 
transparent to magnetic fields. 
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Hgure lis a perspective view of a tjppicaldidecti Ascan 
be seen, the resonator 10 is fonned as a C3iind^ 

longitudinal ^ugh hole 14. Individual resonafors are commraily caUed "pucks" in the 
lelevant trades. While dtdectdc resonators have many uses, Aeir prmwity fa 
oom^on wifli nuoowoves and particularly, in miG»>wave conimunicatioii systons and 
networks. 

As is well known in the art, dielectric resonattns ml resonator filters have multiple 
niodes of electrical fields and magnetic ffelds concentrated at different ce^ A 
mode is a fidd configuration corresponding to a resonant fiequmcy of tibe syst^ as 
determined by Maxwell's equations. In a didectric resonator, the fundamental resonant mode 
fiequency, Le., the lowest fijequem^, is the transverse electric field mode, TEow (at TE, 
hereafter). Typically, it is the fundamental TB mode that is tiie desired mode of the circuit or 
^Fston into which the resonator is incorp(»ated. The second mode is commonly temied the 
hybrid mode, Hm (or Hn hereafter). The Hn mode is excited fiom the dielectric resonator, 
but a considerable amount of electric field lays outside the resonator and, therefore, is 
strongly afiedBd by the cavity. The Hi i mode is the result of an interaction of the dielectric 
resonator and the cavity withmi^&ich it is positioned and has tvropolar^ TheHu 
mode field is orfliogonal to fte IE mode fidd. There are additional higha- modes. Topically, 
all of the modes other than the mode of interest, e.g., the IE mode, are undesiied and 
constitute interference. The Hu mode, however, typically is the only intecfeieoce mode of 
fflgnificant concern. Tlie remaining niodes usually have substantial fiequency separation fiom 
fteTE mode and flms do not cause significant inlBtfaence with operation of the system. The 
Hi 1 mode, however, tends to be rather dose in fiequency to the TE mode. In addition, as flie 
fiequency of the TB mode is tuned, die center fiequency of the TE mode and the Hi, mode 
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move in Opposite dkecdons to each odier. Thus; as the TE mode is tuned to inciease its 
center fiequency, tibe center fieqtmcy of fte Hn mode inherently moves downward and, tims^ 
closer to tibeTE mode center fiequmcy. By contrast, the thixdmode^ commonly called the 
Hi2 mod^ not only is sufBciendy spaced in frequency fiom the IE mode so as not to cause 
significant problems^ but, in addition, it moves in tlie same direction as the TE mode 
responsive to tuning. 

Figuie 2 is a perspective view of a microwave didectric resonator flter 20 of the prior 
.art eo^loymgapluralityofdielectiic resonators 10. "Hie resonators 10 are arranged in the 
cavity 22 ofa conductive mclosure 24. The conductive enclosure 24 typically is rectangular, 
as shown in Figure 2. Mcrowave energy is introduced into the cavity via a coupler 28 
coiq>Ied to a cable, such as a coaxial cable. Conductive separating vvalls 32 separate the 
resonators £Dom each other and block (partially or wholly) coiq>ling between physically 
acgacent resonators 10. Particularly, irises 30 in walls 32 control the coiplingb^ 
adjacent resonators 1 0. Walls without irises generally prevent any coupling between adjacent 
resonators. Walls with irises aUow some couplioig between adj« Conductive 
adjusting screws may be placed in the irises to fiirther affect the fields of the adjacent 
resonators and provide adjustability of the coiq)lmg between the resona 
mtiieexanq>leofFigure2. By way ofexanq>l^ the fiddofresonator 10a couples to the 
field of resonator 1 Ob through iiis 30a, the field of resonator 1 Ob further coiq>les to the field 
of resonator 10c through iris 30b^ and the field of resonator 10c fiirther coiq>les to the field of 
resonator lOd through kis 30c, Wall 32a, which does not have an iris, prevents the field of 
resonator 10a firom coi9)ling with physically adjacent resonator lOd on the ofiier side of the 
wall 32a. 
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One or moie metal plates 42 aie attached to the top cov^ plate (top coyer plate not 
sho^) to affect the field of the resonator to set the center fisqueacy of &e filter. 
Pazticularly, plate 42 may be mounted on a screw 43 passing through top cover plate (not 
shown) of enclosure 24 that may be rotated to vary tibe spacing between flie plate 42 and the 
lesonator 10 to adjust tibe center fiecjuency of the resonator Anou^utcoTq)ler40is 
positioned adjacmtflie last resonator lOd to coiq>lethe microwave «ergy out of the filter 20 
and into a coaxial connector (not shown). Signalsalsomaybecoupledintoandout of a 
dielectric resonator circuit by other mdho^ such as microstrips positioned on the bottom 
sur&ce 44 of the »cIosure 24 adjacent the resonators. The sizes of the resonator pucks 10, 
their relative sparing, the number of padcs, the size of ttie cavity 22, and the sizse of the irises 
3 0 all need to be precisely controlled to set the desired center wavelength of the filter and the 
bandwidth of the filter. More specifically, the bandwidth of the filter is controlled primarily 
by file amount of coq;»ling of the electric and magnetic fields between fiie electrically adjacent 
resonators. Generally, fiie closer the resoiiators are to each other, the niorecoijpl^ 
them and the wider the bandwidth of die filter. On the other hand, fiie crater fiequency of fiie 
filtCT is controlled in Isrgd part by the size of the resonators themselves and Ae size and 
qpacingofthe conductive plates 42 fiom the coirespondmg resonator GeneraUytfae 
lai;^ file resonator, the lower its ceiiter fiequency may be. 

Prior art dielectric resonator Sikxs have Ihnited fiequency bandwidth p^ormance. 
The maximum fiequ^des at vMdh they can perform effectivdy is typically limited to about 
55to60GHz. The effective bandwiddi range ofprior art dielectric resonator fittim is 
^icallyontheorderof3to20MHiz. In particular, fiiebandwidfli is restricted because the 
coiqilings between resonators are limited. 
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Prior art resonatois and the ciixuitsis^^ For 
instance^ as aiesult of Ihepositioos of tiie fields of die resonators, prior art resonators have 
limited ability to couple with odier resonators (or with other microwave devices such as loop 
couplers and microstdps). That is ^;idgrjG3ta:s made fi?om prior art resonators 
bandwidth lange. Further, prior art dielectric resonator drcuits such as the filter £dio^ 
Figure 2 suffer fixim poor quality fiu;tor, Q, due to the presence of separating walls and 
coi^Iing screws. Q essentially is an efficiency rating of the system and, more particulariy, is 
the ratio ofstored energy to lost en0(^ in die system. The fields generated by the resonators 
pass tfaroi^ all of the conductive conq>onents of the system, such as the enclosure 20, plates 
42 intonal walls 32 and 34, and adjustmg screws 43 and inher^y generate currents in those 
conductive elements. Those currents essentially comjmse enogy that is lost to die system. 

Furthermore, the volume and configuration of the conductive enclosure 24, 
substantially affects the operation of die system.* Hie mclosure minimizes radiative loss. 
However, it also has a substantial elBfect on the center fiequency of the IE mode. 
Accordingly, not only must the enclosure be constructed of a conductive material, but it must 
be very precisely maduned to adbdeve the desired center fi:equency performance, thus adding 
complexity and eaq)ense to the &brication of the sj^ste^ Even with very i»:ecisemacliining, 
die design can easily be marginal and &ii spedficatioTL 

Bvm fiirthex and perhi^ most iuQiortantfy, prior art resonators 
separation between the desired IE mode and the undesiied Hi i mode. 

Figures 3 A and 3B iUustrate magnitude of the electric fields for die IB and Hn 
modes, respectively, in a typical prior art csdindrical resonator 1^^ As shown, die Electric 
Field 3 1 of the TE mode is circular, oriented transverse of die cylindrical puck 12, and is 
concentrated around the chx^imrference of the resonator 10, with some of the field inside the 
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resonator and some of the £eld outside &e lesonalor. A portion of the field should be outside 
theresonatoribr purposes of coupling between the resonator and other microwave devices 
(e.g., other resonators or inpul/oulput couples), all of flie field is concentrated inside the 
dielectric resonator^ it would be very difficult to control the oouplmg between resonatois. 

The electric field of die Hn mode is orthogonal to the TE mode, ITie electric field 33 
fonns a cmcle around the puck 10 paraUel to the page and is concent It 
is very difficidt to plQ^calfysepazate the Hii mode fiom the TB mode. Accordmgly, 
methods for suppresdng the Hn mode have been developed in the pri^ Forinstance, 
metal strips41 such as illustxHted in Figure 4 have been placed on &esur&ce of tb^ 
resonators to siqipiess the Hi i mode by causmg its tang^odal electric field to be zero at the 
metal strips 41 , effectively causmg the siqipiessian of Ae mode because its maximum field 
strength is located near the metal strips. In practice, \ivhile this tedmique for siqsf^^ 
Hii mode is relatively effective in temis of siqyp:esring the Hn mode, it also typically 
suppresses the TE mode significantly. In theory, the efEect on the TE mode should be 
insignificant, but experimesits show that this is not the case in the leal world and that this 
mefliodfi>rHiisi5>pression actually significantly affects^ Exp«im«its 
show that this tedbnique typicalfy might cause losses of about half of the power of the TB 
mode, thus substantially xedudng the Q of 4ie resonator and the overall system in which it is 
employed. 

Accordingly, it is an obj ect of the present inventian to provide improved dielectric 
resonators. 

It is another object of the present mvention to provide inqxroved dielectric resonator 
filters and other circuits employing dielectric resonators. 
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It is a further object of the pffeseot inve^ 
which nxpt>ved oouplmg is adiieved brtwew dielectiic lesonatois and o&er devices, sudi as 
coupling loops, microstr^ and other dielectric resonators. 

It is another object of the present mvention to provide dielectric resonators and 
didectric resonator fOters in whidi the Hn mode is substantially suppressed or eliminated. 

It is yet another object of the present mvention to provide dielectric resonators and 
didectric resQuator circuits witfi improved mode separation between die TE mode and tibe Hi i 
mode. 

It is yrt a furOter object of the joesent invention to provide didectric lesonators and 
dielectric resonator circuits that are easily tunable. 

It is one more object of the present invention to provide dielectric resonators and 
dielectric resonator circuits with mere effective coi^ling than in the state of the art 

It is a furdier object of ttie present invention to provide didectric resonators and 
dielectric resonator filters with inqnoved Q factors. 

Summary of the Invention 

The invCTtion is an unproved dielectric resonator and didectric reson^ 
adrcuitfliatemploydielectricresonatars). In one form, the mvention comprises a dielectric 
resonator formed in the shq)e of a truncated cone and having a loqgitudinal through hole. 
The cone sh^ physically displaces the H 1 1 mode 6om the TE mode m flie longttudnial 
dnectionofthecone. Particulariy, the TE mode tends to concentrate in the base of the cone 
(Ae widCT portion) viMe flie Hii mode tends to concOTtrate at t^ 

nanoww portion). By tnmcating the cone so as to elrnainalc the portion of the cone whoeth^ 
Hii mode fidd exists, yet keep die portion of die cone where the TE mode exis^ 
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mode can be virtually eliminated while having little effect on the mftgf^Ttndg of the TE mode* 
The angle of the side wall of tibe cone ^e., its tap^X canbe controlled to adjust the physical 
separation oftheTE and Hi 1 modes. Tlie radius ofthe longitudinal hole can be adjusted 
eilhcr in stq>s or entirely to optimize mserdon loss, volume^ spurious response and other 
properties. The mqxroved frequency separation between the TE mode and Hn mode 
combined with the physical separation tfaeieof enable tunmg dFtfae center frequency of the TE 
mode with a substantial reduction or even enttre eliminati on of any effect of the tuning on tiie 
Hnmode. This design also provides better quafity&ctor for the TE mode. genan% 
1 0% better because more of the TE field is outside of the cone due to the taper in the 
longitudinal direction. It also enhances coiq>liqg to other miraowave devices such as 
microstrips, input and output loops, and o&er resonators, emblmg the constnK^on of wid» 
bandwidth filt^. 

The outer portion of the base of the conical resonator may be fnmmed (e.g., such fliat 
tfie bottommost portion of the cone has a rectangular cross section rather than a triangular 
aoss section). This feature fijrther enhances coiq>ling of the lesooalOT ^ 
devices by anowmg more ofAeTE mode fidd to be outside of Ac reso^ Italso reduces 
the fflze of the resoiiatara and can hdp reduce the size of any CTc^ 
resonators are incorporated* 

Resonators in accordance widi Ae invention may be used to build low^loss^ compact 
filters, osriOatxns, and other circints, parficulariy microwave drouits. 

In an alternate embodiment, the resonator may be a stqpped cone or stepped cylinder. 
Formstance, the lower portion of die resonator can be a cylinder of afiistradhis ti^MIc the top 
offte resonator is a cylinder of a smaller radhis. This also will tmd to physicaUy separate the 
TEmode from the Hn mode in the longitudinal direction. . 
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The invention also provides a low loss dielectric resonator filta: eno^Ioying conical 
dielectric resonators. The conical resonators are arranged relatively to each other wifhiTi an 
enclosure in a very efficient and compact design that enhances coiq)ling and tihe adjiistahili^ 
between adjacent resonators. Ftirtfaer, in accordance wifli the invention, flie enclosure of the 
filter plays no role in guiding the electromagnetic fields, atthou^ it still plays a role in 
connection with grounding and radiation losses. Even fiirftier,ti2e filter does not have to have 
irises between adjacent resonators or adjusting screws between adjacent resonators to vary the 
coupling. The coupling can be varied instead, by varying resonator spacing.. 

In accordance with a prefexed embodiment of the invention, a plurality of conical 
dielectric resonators arc arranged in the enclosure sudi that the longitudinal orientation of 
each r^nafor is flipped relative to its a^acent resonator or resonators (e.g., the side walls of 
aigacent conical resonators are parallel to each other) such that tbe resonators can fit within a 
mudi smaller space than comparable cylindrical resonators. 

The use of conical resonators and their particular axrangonent enhances coupling and 
coupling adjustabiUty and thus e3q>ands the bandwidth r^ The 
resonators may be mounted to the enclosure via iKmrConducting adjustable screws that allow 
Ihe resonators to be moved longitudinal]^ relative to each other to adjust couplmg stieng& 
between adjacent resonators and dius bandwidth 

In one prefecred embodiment the distal ends of the screws mate with threaded holes 
in a side wall of tiie enclosure ^diile the proximal ends nf fte serero mjifi*^ ^h the 
longitudinal tfarougjb holes in the resonators (whidi also may be tibreaded to mate wifli the 
screw). The screws can be rotated relative to the resonator andAa^ 
resonators closer or fin&rar apart fiom each other in the longitudinal direction to adjust the 
amount of coupling between the resonators and, thus, the bandwidth of the fihscr. 
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Further in accordance wifti the iaveDtion, a dielectric lesdnator filter or other dicuit is 
provided in vduch the ccmical resonators are aininged in a ladid patto 
within a cj^indricalendosuie. This provides a very compact filter with aU of the advantages 
of the previously descdhed filter. This design is extiemdy compact and provides a high 
qoaUty fedorper unit volume. Also, high electromagnetic fields outside fihe dielectric 
resonators allow strong coiq)]ing between adjaccaot resonatcxs. 

In accordance with another as^ of die mventton. signals are cotpled mto and out of 
dielectric resonators and dielectric resonator drcuifs sudi as fihMs, osdl]aft»s» etc. via a 
spiral loop. More particularly, a signal which may be provided to the loop m any reasonable 
manner, such as via a coaxial cable, is provided to a loop con^irismg a spiral coiq>ling loop 
wire rather than a smq>le circular coupling loop. This design provides greater magneUc flux 
m the same physical area, thus providing a stronger magnetic field for coupHng to the first 
resraiator without increasing the vohime of the field. Keepmg the vohime of the field smaO 
avoids the problem of undeshed direct coupling of the inpat loop to the ou^ loop, while 
providing extremely strong coupling mto and out of the systan resonators. This way of 
coiqjimg can be very piacticd. but mtroduoes losses because 
!?»iralwire. Hovrever, this design is particutariysuitahk} in connection with drcnfe 
employing conical resonators oonstrocted m accordance with the princqiles of thepresent 
invention smce Ae substantial hicrease m die Q of conical resonator dteuits 

acooidance with the present invention miV make the extm losses at the coupli^ 
loops and the resonators acceptable. 

Furthermore, conical resonators m accordance wifli the presait mvention can bo 
positioned relative to microstrips on printed circuit boards and other substrates so as to 
provide enhanced electromagnetic couplmg between the resonator and the miaostrip. 
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Patticularly, because tie TB mode tends to be concentiated in the base portion of the 
r^nator (flie wider end), the tesonator can be mounted to the substrate iqpsi de down (with 
Ihe base away fiom the substrate) in the \dcmity of tiie mi hi this manner, the TE 

mode field coDCffitrati<ni can be positioned above and more closely to fbe micaostdp than is 
possible with cylmdrical resonators. In feet, it is possible to aflow the nu<TOslrq)actuaUyt 
contact the top of the upside down resonator on the substrate because the TB mode field is not 
piesCTt in the top portion ofthe resonator that would contact the ini Accordingly, the 

TE mode field can be positioned nmdi closer to the miax>strip fiian previously passible and, 
therefore, much b^t^ coupling is adiieved without degrading the unloaded Q. 

Brief DesCTiDtion of the Drawings 

Figure 1 is a perq)ective view of a cylindrical dielectric reson^ 
Figure 2 is a perspective view of an ex€aiq>lary microwave dielectiic resonator filter of 
the prior art. 

Figure 3 A is a ctoss sectional diagram of a cylindrical resonator of tte prior art 
illistratmg the distribution of the TB mode electric field. 

Figure 3B is a cross secdcjiiial diagram of a c^I^^ 
ilhstrattng tbie distribution of the Hn mode dectric field. 

Figure 4 is a pergwctive view of a dielectric resonator of tlie priOT art similar to Kgore 
1 except further inchidiiig metal stiqs for siqjpressn^ 

Figure 5 is a pecspecth^ view of a dielectric resonator in acccndanoe with tiie presrait 
invention. 

Figure 6A is across sectional view of a dielectric resonator in accordance with the 
present invention illustraling flie distribution of the TB mode electric fidd. 
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Figure 6B is a cross sectional view of a dielectric resonatcM: in accordance with the 
present invention illnstraling the distdlniliQn of the Hn mode electric field 

Figure 7 is a side cro£» sectional view of a dielectric resonator in accordance with 
anofher anbodimait of the pneseot inventiorL 

Figure 8 is a perspective view of a dielectric resonator in accordance wifli another 
^nbodiment of Ae present inv^orL 

Figure 9A is a perspective view of a dielectric resonator m accordance with a third 
embodiment of the present invc^oiL 

Figure 9B is a pearspective view of a dielectric resonator in accordance wifli a fourdi 
embodiment of the present invention. 

Figure9C is a per^)ective view ofa dielectric resoxiator in accordance wi^ 
embodiment of the present invention. 

Figure 9D is a perq>ective view of a dielectric resonator m accordance with a sixth 
embodiment of the present invention. 

Figure 9E is aporspective view of a dielectric resonator in accordance wifli a seventh 
embodiment of the present invention. 

Figure 9F is a perq>6ctive view of a dielectric resonator in accordance 
embodinient of the present inveotion. 

Figure 10 is apeispective view of amicrowave fQter onploymg dielectric resonators 
m accordance with a fsst embodimot of the preseiit xnventi 

Figure 1 lA is apwspective view of a nuoowave filter employing dielectric 
resonators in accordance with another embodimrat of Oe present mvention. 

Figure 1 IB is a paspective view of a microwave filter employing didectric resonators 
in accordance with another embodunent of the present inventiort 
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Figure 1 1 C is a cut-away ax>ss-sectional view of a portion of a microwave fitter in 
accordance with aoolfaer embodiment of tlie ptesent invention. 

Figures 12A -12H are cross sectional views of dielectric resonators Hiat illustrate the 
effect of Hie center fiequmcy of the TB and H] i modes of toning for conventional cjdindiical 
dielectric resonators as well as conical resonators in accordance with the present inventioiL 

Figure 13 is a perspective view of an exeooplary iiq>ut ooiqiler for coupling a signal to 
a dielectric rescHiator in accordance with the pr^cnt invention 

Figure 14 is a perspective view ofa dielectric resonator oftfae prior art niounted on a 
suhstxate so as to provide coiQding with amicrostrip in accordance with the prior art. 

Figures 15A and 15B are p^q^ective and side views, respectively, ofa dielectric 
resonator mounted on a substrate so as to provide coupling with a miorostrip in accordance 
wiA tlie present invention. 

Detailed Description of the InvttitiQa 

Figure 5 is a perspective view ofa dielectric resonator in accordance with the present 
invmtionu As shown, the resonator 500 is fimnedmtiiesh^ of a troix»i^ witfaa 
central longEtudmal through hole 502. The conical sh^ physically separates tibe IE mode 
field fixmi the Hii mode field. As in the prior art, the priniarypuiposeofflie through hole is 
to sqypress the Transverse Magnetic (TM) mode, which is anotho: dangerous, spurious mode. 
The TNf inode is the only nu>de not afGected by the conical 

accordance with the presort inventioxL Its fiequency may be near the TB mode frequency. 
Iheiefine, fiie tinougli hole in the conical resonators in accordance with the present invention 
should be designed with the ^propriate diameter to completely suppress the TMmode. 
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Referring to Figures 6A and 6B, the TB mode electric field 504 (Figure 6 A) tends to 
conccntiafe in llie base 503 of tite tesoDato because of the ttansvecsal c(»q>oneats of flie 
eleclric field Tirfiile the Hn mode electric field 506 (^igtae 6B) toads to concentrate at the top 
(nanow poition) 505 of die lescnmtor because of the vortical conqxments of the electric field. 
The longitudinal displaceooent of these two modes iir^ves perfbanaDce of fte resonator (or 
drcuit oi^loyii^ such a lesonator) because conical lestmators can be positioaed ac^aorait 
other miaxnwave devices (such as other resonators, microstrips, tumng plates, and 
input/output loops) so that their TE mode dediic fields are dose to eadi other ¥*ile their Hn 
mode electric fields are further apart fixm eadi other. Accordin^y, die Hn mode would not 
coiq>le to Ae adjacent microwave device nearfy as much as when the TE mode and the Hn 
mode are closer to each other. 

In addition, the mode separation ^.e., fceqoaicy spadng) is mndi increased in the 
conical rescmatois of the present inventian. 

The radius of the longiti^inal hole can tie selected to optimize insertion loss, volume, 
^urhisieqxmseandodia-iHxqperties. Further die radmsoftbielongifulinal hole can be 
variably such as oomprisii^ one or more steps. 

However, Figure 7 shows an even more prefeaed embodiment of flie invention in 
whidi the body 701 ofihe resonator 700 is even further truncated. Particularly, relative to the 
exenq)lary resonator iUustrated in Figure 5, one in^ comdder ti» lesonator of Figore 7 to 
have its top removed. More particolaiiy, die portion of the resonator mvAich the H„ mode 
field was concentrated in the Figure 5 embodhnent is elhmnated in the Figure 7 embodiment 
Aooordmgly, not ouiy is the Hi i mode plq^sicallb' aepaatsA fiom Che TE mode, but it is 
substantially attenuated to tiie point v/bae it is ahnost non-«xi8teatit relative to the magnifvle 
oftheTE mode field. 
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HeiK», in coDtiast to the pri<H ait, tlie probleoiafic Hit 
substantially elimiiiated wiA virtnalljr no incumbent attenuation of IB niode. 

As will be discussed furdier below in connection with &e construction of filters and 
other draiits using the coded resonators of the 

combined wilh the physical separation of the TB and Hi i modes enables the tuning of the 

center fiequoicy of the TE uKKte without altering or, at least, whhout significa 
ttie center fiequen^ of the H] 1 mode. 

Hgure 8 illustrates another embodimeait of a resonator 800 m accordance with the 
present invention. In this embodiment, the radially outermost portion of the base 805 of die 
conical resonator body 801 is trimmed ofFso that the bottom of the resonator has a 
rectangularproiileratherthanatriangularprofile. The resonator can be so modified wiAout 
affecting the TE mode because only a small portion, if any, of tte TE field mode is 
concentrated m the lower, outemio^ comer of the rescMiator (see Figure 6A). 

This embodhnoit has several advantages. For mstance, it further reduces the size of 
the resonator and circuits employing the resonators. Also, ft aUows more of the TE mode 
field to exist outside of tb& dielectric material and thus aUows Ibr even stronger coupling to 
other microwave devices, sucb as ofter resonators, miciostrips and covpling loops. 

Figure 9A is a perspective view of another embodhnent of a didectric resonator 900 
maccordancewiththepresentinvcntion. In this embodiment, the resonator body 901 is 
slqjped and substanlialty comprises an upper cylindw 901 having ^ 
lower cyimder 903 having a larger radius. This configuration has a sunilar effect as the 
configuration stown in Figure 5 in that it longitudinalty dis5»laces the H,i mode fi^ 
mode. Particularly, the Hn mode qipcars in and adjacent the upper smaller cylinder 903 
whae the TE mode is concentrated m the lower, wider portbn 903 of the resonator. 
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oon^risiiig two disccmtunioas truncated conical portions 911 and 913, as illnsliated in F^ue 
9B. This design provides similar mode separation characteristic as discussed above in 
ooanection witti Figure 5. 

A sobstantial portion of tin benefit of the present invention is derived fiom the change 
in size in the resonator as a function of height Accordingly, resonators of many sh^otiier 
than a pure cone can provide most, if not an, of the benefits associated witii the present 
invoition. For instance, the sloped side oftbe resonator mi^ compose lunltiple planar \vaUs 
raAertijan one continuous conical waU. Specifically, a resonator in accordance with the 
present invention may be formed as a truncated pyramid 921 (Le. comprising four sloped, 
planar side walls 923a, 923b, 923c, 923d) as shown in Figure 9C, or a truncated hexagonal 
pyramid 933 as shown in Figure 9D. Even fintber, wbUe Figure 9A ilhistrates a stepped 
(grinder having a single sti^ 0-e-» *«w> q^inderportio^^ 

of steps. Figure 9E, for instance shows an embodiment of a resonator 941 witii three steps 
943a, 943b, 943c O-e., four cylinders 945a. 945b, 945c, 945d of increasingly larger 
diametor). This sanieextenaon can be appHed to fl»stejq>ed cone embodiment shovm in 
Figaie9B. That is, while Figure 9B shows two cone portions sqaraled by a ^ 
be any number of o(meporti(Hissepar^ by steps. Bvenfiirdier.inai^ofthe 
aforementioned sloped side wall embodiments, the outer portion of the wall at tiie bottom of 
tiie iBsooatnr may be squaredK)ff in the manner iUustrated in flw Kgur^ 

Furlbermore, as discussed above, tiie purpose of the longitudinal tinough hole 
generally is to suppress the TM mode. In qjplications in which suppressiwioftheTM mode 
is not of paramount inq)ortance, tiie longitodinal tinou^ hole may be eliminated. 
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A key aspect of tbie present inv^itloii is Ihat the cross-seational area of the resonator 
paraUel to liie electric fidd lines of fte TE mode (Le. , the horizantal direction in all of the 
Figures) has an area that varies in the direction perpendicular to the field lines of the TE 
nM)de(i.e., the vertical direction or hcigkmaU of theFigure Preferably, and mall of the 
onbodiments discussed so fer, the cross-sectional area varies monotonically as a function of 
height Stated in less scientific tecnis» the amomit of ddeciricmater^ 
assemMy deareases as a mathemarical fimction of height For instance, in the right conical 
resonator illustcated in Figure S» d^ area of dielectric material varies monotonically 
^)articularly, it decreases) as a fimction of height in accordance with the formula: 

A = n{h/2-d/tan(a))^ 
v^iere A = horizontal onss^sectional area of the resonator 

b = diameter at the base of the conical resonator; 

d = a given distance fiom tfie base of the cone in the direction of the height h, of 

the conical resonatoi^ and 

angle of die side wall of flie cone to the base of the cone. 
In die stqqpcd cyluKWcal embodhnents show 
portions of the hde^ but decreases m disoete steps as one ni0^ 
afi>r&menlioned cross-sectional area deceases mononically as a fimcdon of hdght). As 
anodier ^can^le, in the stepped conical embodunent illustrated in Figure 9B, Ae area of tibie 
dielectric material decieases widi .herglit generally accordmg to the above formula fi>r a cone» 
but with sligjit modifications that would be readily ^>parent to those of skill in geometry to 
account for the discrete steps. In the conical embodiment iDustraled by Figure 8 in 
bottommost, outermost portion is cut ofi^ the cross-sectional area is constant over a small 



wo 2004^07917 PCr/US2003A»29406 

18 

portion of tiie hdght at ihe bottom of the resonator and l]im decreases gaierally in 
accQidance widi die above fijnnula finr a coiiB. 

As mentianed above, it is not evm a requirement diat the variation in cro^ 
area as a function of height be truly monotonic. but just diat tbe cross-section geneiaUy varies 
in one direction (eg., decreases) as a fimction of height For instance. Figure 9F shows an 
embodiment m which d» resonator 961 isgenetaUymdieshqwofabedhivemwhichdie 
resonator's horizontal oross-sectional area generally decreases with hicreasing height but 
inchides portions where the cross-sectional aiea increases over small hsa^ mcitanents. 

Resonators m accordance widi the present mvaition can be used m various circuits, 
especially nuMowave circuits, including miciowave filtexs, oscillatais, triplexers. etc. 

Figure 10, for instance, shows an exemplarymicrowacvejEater constructed with com'cal 
resonators m accordance with die present invention, hi at least one preferred embodhnent, 
dieresonatorshHveadielectricconstantofatfeart45andis formed ofbariumtatmafe As 
shown, die filter 1000 comprises an enclosure 1001 having a bottom 1001a, a side waU 
1001b, and a top waD (shown as transparent for purposes of iUnstrating die mlemal 
oomponems) to form a conq)lete endosore. The endosme 1001 of Figure 10 is rectangular 
and dw resonators are arranged so that djOT longitadhial aiMS are pandld to ea^ 
not collhiear, and th^ are an generally near die same plane peqjendicuhtt 
longitudinal axes. Aldiough, as wiU be discussed in detail below, die positions of die 
resonators ptesferably are a<gustable longitudinally, and dierefoi^ 
die sameplanepeqiendicular to thefflougrtudhial axes, but generaUy will be dosediereto. 
However, die shape can be varied. ApIuraKtyofrBsonators 1003 are arranged widrin die 
housmg in any configuration suitable to achieve die performance goals of die drcnit 
Preferably, each resonator is longitudmafly mvcaled relative to its adjacent resonator or 
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resonators. Tbus^resoixator lOQSaist^sidedomi^resomto 
1003c is upside down, etc. 

The mi(^wave energy may be coi^led into the system through any reasonable means 
known in the prior art or discovered in tiie future^ including by forming miimstiips on a 
sur&ce of the enclosure or by use of coi9>Iing loops as described in the back^und section 
of this spedficadon. In ttiis particular onbodiment, microwave energy si^Uedfi^ 
coasdal cable 1 005 is coiipied to an mpvt coupling loop 1 008 to be described in greater detail 
inconnectian with Figure 13 positionednearflie first resonator 1003a and the output is 
reodved at an output coi^Ung loop 1010 positioned near the last resonator 1003d. 

In this design^ all oftfae resonators are arxaziged in a line. Etence^ no additional 
sepaxBting walls are necessary to prevent unwanted cro ss-coupling between resonators* 
However^ depending on size, shape and otiier conditions, it may be desirable to arrange the 
resonators in other pattenis, sui^ as the pattern illustrated in prior art I^gw 
separating walls to prevent cross-coi5)lmg between resonators that should not cioss-couple 
and/or to control coijpling for achieving narrow band filters. Qntiieoth€a:hand»ins(m2e 
drcuits it may be desirable for additional cross coupling to occur, in which case thexe may be 
no need for additional sqiarating walls. 

The primacy reason for the preference of inviting each resonator relative to the 
a^'acmt resonators is so that the TB mode electric fields can be brought even closer to each 
other and to reduce the size of the filter. For instance, tiie resonators can be packed much 
more tightiy in this mannCT, as can be seen in Figure 10. hi addition, flie bandwidth of the 
filter can be adjusted over a mudi greater rang^ by manq>ulath% 

eadi other (and thus the coi5)ling of file resonators to each otiiar). In addition, the position of 
the TE mode field of the resonator places more of the field at and beyond die drcumfeience 
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oftfaeiesonator SO that die fields of axigacentiesoj^ Bven 
iurftermare^ this atiangCTieiit of resonatois allows fixrflie position of tiie TB mode fields of 
adjacent xesonators to be adjustable with three degrees of fieedonas (Le., the positions of the 
fidds relative to each oflier can be ac^'nsted in three dimatisionsX wha^eas, in &e prior art, 
^lereweire only two degrees of fieedom). Particularly, because AeTB mode fields are 
concentrated in the bases of the resonators, the field of one resonator is displaced 
longitadinally (the z axis in Figure 1 0) as well as transversely (the x and y axes) of the field 
of the adjacent resonator. For instance, if the resonators are spaced v^ closely to each other 
in the transverse direction, the base of one resonator may be positioned almost directly above 
tiie base of an adjacent resonator such that thoe is no transverse displace 
bases of the two resonators, only a longitudinal displacement. On the other hand, of course, 
resonators could be spaced further apart in the transverse direction so that tiiere is both a 
transverse and a longitudinal displacement betweaa the bases (and thus the TB mode field 
conc^trations). 

Accordingly, the TB mode field of one resonator can be pi aced right above tiie TB 
mode field ofanother resonator if strong coupling is desired On the other hand, if less 
coupling is desired, the displacement between the two resonators can be a^usted 
longitudinally and/or trav^sely. 

In the preferred embodiment of the hxvention illustrated in Figure 1 0, the 
displacement of the resonators relative to eadi other is fixed in the transverse direction \xp(m 
assembly, but is acQustable m the lon^tudinal dhection afler assembly. Particular^, the 
resonatcm 1003 are mounted on soews 1007 v^ch are screwed into threaded holes 1009 in 
side walls 1001b of tiie enclosure. Alternately, flie holes 1009 can be blind holes. The 
resonators 1003 also may be adjustably mounted on the screws 1007. Particularly, the 
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longitudinal ceotral holes lOOSintbeiesonatois 1003 are also dueaded to mate wiOi the 
screws 1007. Accoi?dingty,1>yn>fHdngfliesGrowl007ielalivetoQneorb(^ 
the enclosure 1001 or flie longitudinal holes in the lesonattns 1003, the longitudinal positioiis 
of the lesonBtars idative to each o&er can be adjusted easily. 

In a preferred embodimoit, however, the resonators are fixedly mounted to Ae sacws 
and ^soews me rotatahle only widun the holes in flieenclosace. Iftiie holes m the 
oiclosuie are trough holes, the resonator spadn^ and thus the bandwidth of &e filter, can be 
adjusted without evon opening the enclosure 1001 sinqdy by rotating die soews that isrotrude 
fiom the enclosurB. Since thoe are no irises, coupling soews, or s^nratiogwaDs between 
the resonators, and die design of the lesona^ and die system inherently ptovictes for wide 
flenlnlity of coiq}]ing between adjaceitf resonators, a system can be easQy designed in which 
the enclosure 1001 plays no rok m flie electromagnetic peifocmaiice of the drcuit 
Accordingly, mstead of bdng requhted to fibricate the housing extremely preci«sly and out of 
a ccmductive material (e.g., metal) in order to provide suitable electromagnetic dharacteristics, 
die enclosure can now be Mricated uang low-cost molding or casting processes, with lower 
cost materials and widiont die need for precision or other ejqiensive milling operations, thus 
siAstantiaUyreducrngmannfiicturing costs, hi addition, the screws 1007 for nunmting die 
resonators in die enclosure also can be made out of a noa-Kxmducting material and or widioiit 
concern for dx«r effect on d»electraniagneticpr<qjer(ies of the syst«m Afaterconstaicted 
in acotndance widi the general pihicqials of die invGotiQn sudi as ilhista^ 
should be able to provide bandwiddi selectivity fiom bdow 3 MHz to over 120 MHz at a 

center fitequency of 1 CSBtz depending on die positionmgofthe resonators reladve to each 
odxer. 
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The ^^stem finiher includes dicular conductive tuuiog plates 101 1 adjustably 
mmnted on the enclosure lOibl so that fliey am be 1110^ 

of the resonators 1003. As in the prior art, these timing plates are used to adjust tbe center 
fiequencyoflheTE mode ofthe resonators, and thus flie system. These phites may be 
mounted on non-conductive screws 1012 tiiat pass throu^ holes 1013 in the enclosure 1001 
loprovideadjustabilityafterassanbly. The plates 1011 are essaitiaUysunihr to fte plates 
42 discussed above in connection with Figure 2 and require no fiirflier discussion. 

With tefiaence to Figure 6B, vAich shows the Hu mode field strengOi in a conical 

iBsonator in aoconlance witti the present invention, note fl»t the Hii field is very weak 
beneath the base of the resonator, particularly near the longitudinal center of the resonator. 
Thus, as previously noted, because of the mode separation between fte TE and the Hi i modes 
and the physical separation of the TE and Hn modes, it is possible to tune the center 
fisquox^ of Oe TB mode in the conical resonatrm of Oe pi»se»t iim^ 
effect on the Hi, mode. Aigr effect ofTB mode centwfieqpiencytumng on the Hn mode can 
be even further reduced or elhninated Iqr nMkmg the tunmg pl^ 

Figun» 10 of a smaU radius, such as larger than the radius of the longitudinal thiou^ 

hole of file resonator. By makmg the tuning jdate smaller, fte plate can primari^ 
outside of the Hn mode field yet stiU extend significandy into stronger portions of the TE 
field and. tfnis,stittfflgnificantlyafiectit hi one preferred embodiment ofthemvention, the 
tunmg phte has a radius smaHer flian the base of the resonatOT, but larger dm the la^ 
the throu^ hole. The particular, optimal size ofdie plate depends largely on the angle of flie 
sloped side waUofflie conical resonator, hi at least one preferred embodhneiil of die 
invention, die conical resonators have a 400 slope. Wifli a 400 slope, it has been found diat a 
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ciicoter plate of appioadniBieiy 130%-150% of flie dianteter of Ihe central tiuough hole is 
quite effective. 

The srarows 1007 upon which the resonators arc moui^ 
which the tnmng plates are mounted can be coupled to electionically controlled medbanical 
rotating means to nanotdy tune die filter. For instance, the saews 1007, 1012 can be 
remotely controlled to tune the filter using local ste^ motors and digital signal ptocessois 
(DSP) fliatreceiveinslniclions via wired or wireless comraunications^^ The operating 
parameters of the filta- may be monitored by additional (DSPs) and even seat via tiie wired or 
wireless communicalion system to a remote location to afBnn correct tuning, thus forming a 
truly ranote-controlled servo fitter. 

The a^t of the present uivenlion of mounting die resonators and/or the tuning 
plates on screws so Oat they can be langitudinaUy adjustable for center fiequency and 
bandwidthtumngcanbeqjpliedtoconventional, cylindrical didectricresonatws. For 
instance, die conical resonators 1003a. 1003b, 1003c and 1003d inFigure 10 can be replaced 
with a convraitional cylindrical resonators. Although, pofonnancemahnost every respect, 
UKdudii« tuning, would be infWor to the filter rfFigore 10 usi^ 

work for narniw band filters. e.g., havmg bandwiddis of less than about lOmHz. 
Longitudmal a<yu8tment of die QFlindrical resonaton» 

fiddcouplmganddrosfliebandwidfliofthe fitter. likewise, longitudinal adjustment of tiie 
tuningpiates would affectdiecenterfiequencyofflieTE mode. Accardmgly,flris aspect of 
the invendon is useM in comiecdon wifli conventional cyfindrical dielectric resonators ah». 

Figure llA is a perspective view of another dielectric resonator micTOwavefilta 
constructed m accordance with the prindpals of die present irivention. As cm 
figure, the filter 1100 conq)iises a phirality of confcal resonators 1102 arranged in ar^ 
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pattern ZDidde a gsnecally cylindrical edclosure 1104. As shown, Ihe cylindrical enclosure is 
anamiaIijswiflianinnerradidi(rallll<MaaiKlanouternidial\^ The resonators ar 

antanged such that thdr longitndina] axes 11 03 a intesect at the point defining the center of 
the ladial pattern. 

The system genoaSy inchides the saii» basic conqKMients as 1^ 
Figure 10. Particulariy, it includes an mput coupling element 1 120 positioned adjacent Ihe 

first reson^ n02a and an ou^ coupling dmient 1 122 poshioned adjacent the last 
resonator n02d. R also mdudesa(yustingscrevra 1106 a^ustablyinounling the resonate 
1102 Id flie enclosure 1104. The screws 1106 are plastic, threaded s«ews that mate with 
threaded through boles (not visible in Figure 11) in the inner radial side waU 1104aof 

enclosure 1 104 so that the positions of the resonators can be adjusted along their longitu^ 
axes fiom without the enclosure, hi addition, conductive adjusting plates 1 1 10 arc mounted 
paiaM to the bases ofthe resonators 1102. Lraptefeotedembodunentofthemvention,*^ 
are a<9is(Bbty mounted to the endosnre via ntai-conductive ai^usting screvra 1112 which pass 
throu^ threaded through holes 1 1 14 in the outer radial side waU 1 1 04b of the enclosure 
1104. As previously described, the position offte conducting plates 11 10 help set Ac center 
fiequency ofthe resonators and, dnis, the fflter system. Because the adjustmg screws pass 

through through holes in fte endosure, the center fiequency and the bandwidth of tte 
can be adjusted without opening the oidosore. 

Due to the feet that coupling between flw resonators in this radial type configura^ 
can be so strong, hmer separating walls 1116a, 116b, 116c, and 116d with irises 1118a, 
1118b, 1118cm^bedesirable. a^MratingwaH 11 16d does not have an iris because it 
sqparatBS the first resonator fiom the hist resonator m the coiq)Iing sequence and those 
resonators are not suppose to couple with eadi other at alL Further, it may be desirable to 
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have coupling adjusting sorews 1 120a, 1 120b, and 1 120c vfiOm the irises to he^ ledoce 
coupling between lesonatocs. 

The sqOTBtingwaUs 1116a, 1116b, and inSc within^ 
adjusting screws 1 1 20a, 1 1 20b, 1 1 20c would most likely be desirable in filter systems Ibat 
have relatively low bandwidtlL Ifowevw;fiOTVciy wide bandwidth plications, in 
ve^ strong coupling between the lesonatots is desired, there may be no need fcnc separating 
walk 11 16a, 11 16b, 11 16c and tiiecorres|xmdmg irises and ad^^ Ofcouise, 
separalit^wall 1 116d would stiU be desnable since resonatois llOZa and 1102darenot 
int»ded to coiq>le with each other. With this radial configmation, it is possible to reach 
bandwidths of 240 MElz or more at a central fiequency of IGHz. 

While the embodiment illustrated in Figure llA inchides four resonators ananged at 
intervals at 90^ and wifli side waU slopes of ^toximatefy 45^ such that the side walls of 
adjacent conical resonators are parallel to each other, these features are merely exen5>lary of a 
preferred mbodiment A radial ^electric resonator filt^ system can be developed with any 
number of resonators at any angle to each other and with any side wall slopes. 

Alteinatdy,tiie enclosure can be shq>ed as any equilateral polygon, e.g., asquare, a 
penta^n,ahexa^m,anoct^n,witiianinnerwaIlandanoui^waIL Figure 1 IB illustrates 
a pentagonal filter dicuit having five conical resonatora 1151a» HSlb, 1151c, llSld, 1151e 
and 8ccompan>ing accoutremeuis such as plates and mountnig screws (not labeled with 
reference munbers in order not to obfiiscate the feature bemg described her^) and an 
enclosure 1 153 comprised of an outer wall 1155 having five equal segments 1155a, 1 155b, 
U55c^ 1155d, 1155e and an inrierwaUl 157 sdnularlyhaviqg five equal seg hi feet, 
vMe it would be the most practical design, it is not even necessary that 
equilateral. In fact, T nat he matically, an annulus is an equilatoal polygon having an infinite 
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number of sides. IftheeacIosuteisiiotanaiiinUiis^tfaeatfaenw 
inDtt' and outer walk nonnalfy would be eqiial to ^ 

Figure 1 IC illustrales an even further embodtmeut of the present inventioiL Figure 
1 1 C is a cut-away cross-secdonal view of a sing^ dielectric resonator assembly (e.g., tibe 
resonator, tuning plate and corresponding mounting screws) that can be used as a replacement 
for any of the single dielectric resonator assonblies shown in Figmes 10, 1 1 A and 1 IB. In 
this embodiment, the didectric resonator puck 1 160 is cylindrical witti a longitudinal, central 
flnroughhole 116Z A tnmcated conical tuning element n64 is mounted so as to fit witiiin 
the throughhole 1162 ofihe puck 1160. Either the puck 11 60, the tuning element 11 64, or 
bodi are acg ustably mounted so that the extent to wfaidi the tuning element is widnn fbc 
through hole can be adjusted m ordCT to central fi»^^ 

theassembly. As m the embodunentsiUustrated in Figures 10, llA and 1 IB, die puck a^ 
the tuning element can be mounted on dielectric screws that, in turn, are mounted m through 
holes in the enclosure. Figure IIC illustrates an embodimcatit in which the puck i^ 
and the tunmg 1 164 is mounted on a screw 1 166 that, m turn, is moun^ 

fhroug^hole in a wall 1170 of die enclosure. Howev^,thisism€3:efyexanplary. Justasin 
the case of the conical resonator, Ae conical tuning el»ient causes tte TE mode and the H| i 
inode to be physicaUy separate withm die assembly. 

By providing movable conical resonators, the present invmtion provides a controlled 
strong coi^lmg, wfaerd^y lowpass or higjq^ 

bandpass or very broad band-stop filters fliat are ahttost lossless. Ifverylxoad band filters 
are needed, this configuration provides a very (xmpasA design withertraoely hi^ Q (almost 

lossless). 



wo 2004/027917 PCTAIS2003y»29406 

27 

Pceseotly available conventioiial fflters caa achieve broadest bands of not nuse Iban 
aboutTSMEbL This is aduevedwitfacomblinefflteis or cavity fflteis^iaOierfha^ 
resonator fitters. It is very difficult to achieve bands broader tiian about 30 MHz with 
oonvendaial didectiic resonator filters. 

Puidiuiuore, filters in accordance with die piesoit invention will onfy become better 
as mateialsvridi higher dielectticcfnstants are devdoped. Speci£k»Ily, as the dielectric 
constant of the resonator material increases and the size of the lesonatois deceases, the 
electric fidds become m<ne cancentrated in smaller spaces, tbns redudng the problem of 
imdesired aress-coiqjling of fidds and also allowing for smaller drcuite. Unlike in joior ait 
didectiic resonator circuits, in wiridi tuning becomes more difficult as the dielectric constant 
increases, tuning remains manageable with respect to dielectric resonator ciicuits constructed 
in accordance with tiie ptesast invention, fbm enabling ft» construction of raicnits wifli 
dielectric resonators framed of materials widi extrranely high dielectric ccmstanls. 

Systems constructed in accordance with die principals of die present invention as 

disdosed in connection widi Figures 1 1 A and UB can be fihricated wiflj higher quality 
fiictors per unit vohimc. Higher electeomagnetic fields outside the dielectric resonators aflow 
fiir stronger coupling. Hence, conqwct, tow loss filters can be developed fiw wireless, 
satdlite and other c<»nnnmications systems. Indiis ^ of onbodiment, the endosure 
piefenUe is fi»medofa conducting metal. Patticulady, as noted djove, a conductive 
SE^mrating waU diould be provided between at least die first and last resonators of die 
coi^ltng sequence in order to luevent them fi»m coupling to eadiodier. Accordingly, diat 
vrall, eg., wall 1116d should be conductive. The remainder ofthe endosure nugr be non- 
conductive. However, as a practical matter, in most instances, it would be more economical 
to construct the enclosure fixmi a single materiaL 
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While the uemplaiy systems shown in 10» llA and 1 IB aie discussed in the 

contesEt of xnicrowanre filters^ the principals of the pzesent invention can be applied to fonn 
otfa^ types of dicuits^ including oscillators, duplexers, tnplexesrs, etc. 

Figures 12A- 12Ha]:e diagrams iUostrndng the Mdstiengd^ 
modes in conventional resonators and conical resonators in accordance with the present 
invention according to oonq)iitershniilations. The sunnlations illustrate the effect of center 
fiequency tuning of die TB mode usmg conductive plates, such as the tuning plates illustrated 
in Figure 10 and 11, on the center frequency of the Hn mode. Particularly, these simulations 
demonstrate &e superiority of tl» pres»t inventiQn in terms of tuning the IE mode while 
reducing side efiects on the Hii mode. 

Figures 1 2A and 1 2B illustrate die field strengths of the TB and Hi i modes m a conical 
resonator 1201 in accordance with the present invention with a tuning plate 1203 positioned 
well out ofdie fields so as not to cause any tuning, b die perticidar circuit simulated, the TB 
mode has a center frequency of about 1.918 MHz, while the Hi i mode field has a center 
fiequmcyofabout 2.787 MHz. Ilms, the notode separation between the TB and Hn modes is 
ahnostPOOMHz. Figures 12C and 12D illustrate die TE and Hn mode field str^igtiis^ 
re^NSctively, for a conventional didbctric resonator 1211 widi die tuning plate 1203 well out 
ofihe fields and resfponsive to die same stimuhis as in Figures 12A and 1^ IheTEmode 
has a center fiequeix^ of about 1 MHz^ whfl 

about 2.692 MHz. Accordu^y»nic>desq>antfionbetwem the TB and the Hit modes is abou^ 
750 MHz. Accoidmgly^ it can be seen diat»evm in the absence of any tuning, die CO 
resonators of die present invention provide sixpedot mode sq)aration conqmred to 
conventional dielectric resonators. 
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Figures 12E and 12F illustrate the TB and Hn mode field strengHis for resonator 1201 
of Figures 12A and 12B, except vnih flie Inning plate 1203 lowed so that it disturbs tiie TB 
mode field and, tlnis^ tunes the center firequeiK^y for ti^ With the tuning plate so 

positioned, the center fiequen(7 of tilie TE mode has been p^^ 

to about 2^9 MHz, i^e the Hn mode has been pushed iq»£rom aboiit 2.787 NfHz to about 
3.027MHz. Accordingiy, the colter fiequetKaesoffte IE mode and tt^ 
moved in the same dnection and are still 750 MHz apart. 

However, leferdng now to Figures 1 2G and 1 21^ they show the TE and Ha mode 
field strengdis, reflectively, for the convrnfional dielectric resonator 1211 of Figures 12C 
and 12D widi the tunmg plate 1 203 positioned the same distance from the top sur&ce of the 
cjdmdrical resonator as in FiguDtesl2B and 12F and responsive to th^ The 
cCTtcr fiequoicy of the TE mode has been pushed up fix)m about 1.964 MHz to about 2.256 
MHz^ while the Hu mode cent^ fieqoeix^has been pushed down fiom about 2.688 MHz to 
about 2.469 MHz. Accordingly, m the conventional design, Ae TE mode and the Hn mode 
have moved in opposite directions, towards eadi other, and now have mode separation of 
only qjproximatBly 200 MHz. Hoice, the supedorityofthe design ofthe present invention is 
readily apparent from the simulations iPustrated m Figures 12A-12H. 

Figure 13 is apian view of the exen9)lary microwave loop coupler in accordance with 
another aspect of the present involion that is used m the exemplary circuit shown in Figure 
10. A coupler m accordance widi this aspect ofOeixesent invention 
either an rqyut coupler or an output couple for a dielectric resonator filter or odi^ drcmt 
constnicted in accordance with tfaie principals of the present Theprimary 
distinction between die coupler 1301 illustrated in Figure 13 and loop couplers of the prior art 
is flicqriial configuration ofthe loop 1301. Particularly, in the prior art, the loops of fiie 
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iq>iA and ou^iit couplets vverefb^ Inacco!ixlaiicewithtlii5aq)ectof 

presmt inveotioii as illustrated in Figme 13, Hsg loop 1301 is fonned as a substantially planar 

spiraL This aspect ofthe invention provides greater niagneticfliK 

volume, tims providing a stronger magnetic field for coiq>ling to a resonator ^wiiile not 

SttbstantiaUy increasing the volume occi^iied by the field* As previously noted, the coupling 

range of die ii9>ut and on^ colliers is restricted by the &ct d^ 

finrtbe input coupler and the output coiq>ler in a system to coiq)le directly wi& each odier. 

Accordingly, the volume of the coupling fields must be maintained in a conqxact volume in 

Older to prev»t die input and ou^nit coiq^Iing loops fixm coupling directly to each other and 

thus negatively affecting the frequency performance of die circuit 

This aspect of the invention is particularly suitabl e for use vnAx conical resonators 
because a significant amount of the magnetic field is concentrated near die top of die 
resonator. Ther^ore^ aprmted drcuit loop coupler as shoTvn in Figure 13 properiy placed 
adjacent the top of flie resonator will have good magnetic col^>ling regardless of how small 
die size of die printed drcuit Many loops 0n the q»ral)«qK>sed to a strong inagoetic field 
provide a strong coupling in a small volume. However, diis will cause a d^radation of Q 
due to the currents gcaierated in the small volume of the spiral . For circuits in accordance 
with the present invention, in which liie cavity can be made virtually lossless^ a designer can 
afford to give up some Q for this kmd of ease of coupling. The tedfmique would not be 
particularly suitable in ccmnecticm with conventionB] resonator drcuits because use of this 
technique widi conventional cylmdrical resonators raises tedmical problems relating to die 
positioning of the spiral loop. Also, conventional resonators already have low Q and 
generally cannot afford the fiirther d^radation of die Q of die circuit diat is likely with this 
technique. 
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Alternately, designs comlnniiig camUine filters and dielectric lesonator fikeis can be 
envisioned- In sudi a design, only tbejSrst and last resonators are 
i^e^intramediateiesonatois are conical resonators coiqpledwiflioiit irises. TMs 
cwnWned filter holps inqirove the spurious response wi Aout agnificandy d^rading Q since 
fte first and last combline resonatois are cavity resonators Ibat do not cooHibate significanay 
towatd filt» losses. 

Tliis tedmiqne, on fte otber band, cannot readily be applied to conventional dielectric 
resonator drcoits for several reasons. First, because they employ conductive endosores and 
otber con^wnents tbat significantly degrade the Q of the circuit, the addifM^ 
Q to achieve this type of coupling may be unaocqptable. Furthamorclbere simply ma^ not 
be a practicd space in which a ^iral loop oonpler in accordance wiA the present inv^^ 
can be placed relative to a conventional resonator. For instance, die loop coupler typically 

\rould need to be placed adjacent the top or bottom sutBice of fte resonator to wfaidi it n^ 
couple in Older to be vwthin the strong magnetic field that runs verticaUytbrough the 
resonator in and out ofihe top and bottom surfaces. It typically should not be placed adjacrat 
aadesurfeceofthenaKinator,viAercfliemagneticfieMiswBak. However, it often is 
raqjiacticd to place a coiq)Ier near the top surfece of the resonator, 
likely to be positioned. Also, unlike the circuits oflfae present invention, in wUch the 
resonators are su!5>ended on screws wiflim the enclosure, the dielectric resonatois 
conventional dielectric resonator drcutts typically would be mounted directly on &e bottom 
snrfece of the enclosure, sudi that the loop could not be i^ced under 4e resonator. 

Figures 14, 15A and 15B illustrate another aspect of die present invention relating to 
field coupling betweenresonators and microstrips. FigureUisanoveriieadplanviewof a 
substrate 1401 bearing a dielectric resonator and a microstrip 1405 for dectromagnetic 
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coupling to tlieiesoBator in accoida^ The substrate 1401 may be the 

bottom snrfiice of an enclosure for a dielectric lesonalor microwave filter swh as discussed 
above in conaectionwitii Figure 2. Alternately, it may be a printed dtcuit board (PCB) or 

any otiier substrate on ygMch a dielectric regnnatnr Ttiayhft mfiitnte^ fls part of a SyrtmL 

As can be sem in the figore, dielectric resonator 1 403 is mounted on the substrate 
1401 in any reasoiiable manner, such as by adhesive. The substrate bears a miax)stripl40S 
that is coupled at one end to a signal source or signal destination (not sho\vn)^ Theopposite 
end is adiQ)ted to dectixmiagDedcalfy couple with an electric field of th^ Inthis 
particdar exanq>le, the microstrip 1405 fums an arc around the res^ Tbo 
microstrip should not contact the resonator since, in tfiis type of resonator, the desired TB 
mode eiectrie field as well as the undesired H] i mode electric field are both adjacent ttie 
substrate. FhysicaUy contacting the resonator with die microstrip i^^ii^ 
would lead to uixleshable electromagnetic side effects. Particulariy, if the hA0A of the 
standard resonator is small, then physically contacting the microstrip could si^spress the TE 
mode because the metal ofthe strip forces file electric field oflfae mode to zero. Evenifthe 
resoruitor is relatively tall, physically contacting the resonator (to mcrease the coupling) 
would change the boundary conditiras and trigger a redistributioii of the fields inside die 
resonator. This represents a distorted, non-syinmetric resonance an 
Accordingly, the coi:pling strength between the resonator and the microstrip is limited. 

Figures ISA and 15B are perspective arid devation views, respectively, of a subsb^ 
bearing a didectric resonator and a micsrostcip for electromagnetic coiipling to die resonator in 
accordance wifli the present invention. Theresonator 1503 is mounted on flie substrate 1501 
iq)side down 0.e., with the narrow &id or top 1503b contacting the substrate). A microstrip 
1505 is formed on die substrate. One end of the m i cro s trip is coiq>led to a Mgnal source or 
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desdnalioii (not shown). Tlieothexendisadqiftedtoelecti^^ 

conical lesonator 1S03. Particularly, Ifae microsfaip is sj^t into two legs 150Sa and lS05b 
tfsatfomi arcs partiaUy around the top of ih^ Since the resonator 1503 is oomcal 

and mounted iQ)aide down on substrate, &e two 1^ ISOSa, ISOSbof&emicrostripcan 
be positioned diiec% beneath the base lS03a of the resonator. Since, as previously noted^ 
flie TE mode electric field is concentrated in die base 1 503 a of the dielectric resonator, it is 
positioned directly above the microstnp 1505, thus providing siqierior coupling with die 
microstrip relative to file cx>nventional design iHusfra^ The conical resonators 

of the present disclosure provide an excellent combination of undisturbed resonance widi a 
high unloaded Q and very strong coupling to die micros^. 

Further, because the TE mode electric fidd is concentrated in the base 1403a ofthe 
resonator, the micmstdp 1 405 actually may contact the top of the resonator, if desired, 
because Ifae TE mode dectric field does not eidst near the top of &e resonator, biaddition, 
tfaeHii mode is sul^tantially eliminated if the cone is suitably truncated and, thus, is not an 
issue. Ifence, even ifthemicxostdp contacts die top of the resonato^^ 
significant adverse effect on the desired TE mode fields. When the resonator is veiy small 
(for example, whra die operatmg fiequenc^ is veiy high, sudi as 

inodesq^aration is veiy good and the presence of Hii is rK>t a problCTDi. Ilbeonlyconc^nsat 
hig^ifiiequeaides aretfae electrical properties of Ifae TB mode, v^di are greatly improved by 
the use of conical resonators. 

We have disdosed new didectric resonator designs as well as circuit system designs 
employing such resonators, indttdiDgnew tedmiques for coupling resonators to o&st 
rescmators and to other system elements, sudi as nd(^t)sti^ The 
resonator and circuit designs disclosed herdn provide numerous and Mgnifiranf advantages 
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over Ifae prior art; iDcludinfc physical sepaiatioaof tfaeTB andHn modeig, virtml eltmit^frt jop 
of llie Hu mode, hig^ quality fector^ moie oompaxA drcuits and lesonatois, strong 
coi^ling, and greater adjustafaility and range of ooiqding (and^ ftns, greater adjusCaUlity and 
range of bandwidth of drcuits). Fnrtfiec, llie invoidon eliminates the need for high-precision* 
machinff d conductive enclosures and oAer CQmponents, such as cnttplnig screws, Wealso 
have disclosed new designs for locyp couplers that inciease field strength wifliout inczeasmg 
field volume and new designs for coiq)ling fields between resonators and microstrips. 

Having thus described a few particular embodunents of the invmtion, various 
alterations, modifications, and improvemrats will readily occur to those skilled in the art 
Such alterations, modifications and inqxrovements as are made obvious hy this disdosure are 
intended to be part of tfus description though not express)^ stated heiehi, and are intended to 
bewiduniheqnritandscopeoftheinvCTClion. Accordingly, fiie foregoing description is by 
way of exanq)lB only, and not limiting. The invention is limited only as defined in the 
following claims and equivalents thereto. 
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35 
CLAIMS 

We claim: 

L A dielectric resonator oompnwig a bocfy&imed of a didectdc mMftri al^ said 
body including a longitudinal Huough liole» said body varying monotomcally in cross- 
sectional area petpendicular to said longitudinal direction as a function of said longitudinai 
direction. 

2* The dielectric res(»iator of claim 1 ^eidn said body conqdses a cone. 
3 . The didecbic resonator of claim 2 iwlierein said body comprises a truncated 

cone. 

4« The dielectric resonator of claim 3 ^rfierein said truncated cone is trmicated 
such tiiat a TEniodefieM induced in said resonator 
cotresponding Hnnoiode field is concentrated ^wiihom said c^^ 

5. Tlie dielectric resonator of claim 1 ^ptiierdn said dide^ 
tatinate. 

6. The dielectric resonator of claim 1 i^erdn said dielectric matorial has a 
dielectric constant of greater than about 45. 
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7. The dielectric lesonator of claim 1 iwhciein said body coniqnises at least two 
discontinuoiis tnmcated cones. 

8. A dielectric resonator comprising a body formed of a dielectric mateiial, 
^ndicrem said body comprises a first cylinder having a first radius and a second cylinder 
havinga second radius lar^Hian said first radius, said body fiir&er including a longitudinal 
Ibronghbole. 

9. A dielectric resonator circuit comprising: 

a plurality of dielectric resonators^ each comprising a body formed of a dielectric 
material^ said body including a longitudinal through hole, said resonator varying 
monotonically in cross-secticmal area pecpendicular to said longitudinal diiectkm as a 
function of said longitudinal direction; 

wherein said resonators are po^oned relative to each otiier such that a fidd 
geuerated in each resonator coiq[>les to a field of anofter of said resonators; 

wherein eadi resonator is lon^todinally inverted relative to otfier resonators to which 
its field ooiqiles. 

1 0. The dielectric lesonator drcoit of claim 9 i^herein said fields comprises TB 
mode fields perpendicular to said longitudinal direction. 



1 1 . The dielectric resonator drcuit of claim 9 wherein said circuit is a filter. 
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1 2. The dielectric lesmatOT cticiiit of claim 1 1 indseapein said filter is a micTovmve 

filter* 

13. The dielectric resonator circuit of daun 9 ^vriierein said bodies of said 
resonators comprise cones. 

14. The dielectric xesonator circuit of claim 13 \^ierein said bodies of said 
resonators comprise truncated cones. 

15. The didectric resonator ciicint of claim 14 i^rein said truncated c^ 
truncated such that a TE mode field induced in -said resonators in accordance vfiQx operation 
of said drcoit e>dsts primarity witfam said resonator 

exists primarily ^without said resonators. 

16. The didectric resonator circuit of claim 9 further oon^nisi^ 
an radosure radosu^ said plurality of resonator^ 

an iqput coupling denient for electromHgn rtically coupling energy into one of said 
resonators; and 

an ou^Nit coiqdmg demoot &t electromagneticalfy cotqding eoexgf fiom anotfaor one 
of said resonators. 

17. The didectric resonator circuit of claim 16 iP^erein said enclosure is formed 
of a non-conductive matonal. 
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18. The dielectric zesouatDr drcuit of daim 17 vidieieEn said eDcIosme is fcHcmed 
of plastic. 

19. The dielectric resonator drcuit of claim 16 i^viiercin said drcuit has no irises. 

20. The didectric rescmator drcuit of claim 16 wfaerem said dicuit has no 
coupling screws* 

21 . The dielectric resonator circuit of claim 16 whexdn said resonators are 
adjustably mounled to said radosme so tiiat said resonators' positions relative to eadi other 
are adjustable. 

22 . The dielectri c resonator circuit of claim 2 1 finrther conqmstog a first set of 
mounting sraews, eadi having a first ead coi^led to one of said resonators and a second end 
coi^led to said housing herein at least one of said first and second ends is adjustably 
coiq>led to one of said resonator and said enclosure, respectivdy, so that said resonators' 
positions can be a^usted relative to each otfiCT. 

23. Hid didectric resonator dicuit of daim 18 vri«ein a longitudinal axis of each 
of said screws is paralld to a longitudinal axis of the resonator to whidi it is coupled 



24. The didectric resonator drcuit of claim 23 wherein said longitudinal through 
holes of said resonators are threaded to mate vriik threads of said screws, whereby said 
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poations of saM Kssonatois canbe atSusted longi^^ 
and said resonatois. 

25. TI»diele<rtriciesonatOTcircaitofdaim22\jj^^ 
comprises holes threaded to malB said saews, 

can be adjusted longitudinally by lotatiaii of said screws lelative to said endosme. 

26. The dielectric resonator dbcuit of claitD 25 y^ieiein said hol« 

enclosuie are through holes such that said second ends of said screws may protrude outwardly 
frran said enclosure. 

27. The didectric resonator drcuit of daim 22 whea«m said screws arc non- 
condactive. 

28. The dielectric resonator drcuit of daim 21 further conqnising tuning plates 
adjustably mounted adjacent said resonators in order to a^ a center fiequency of said 
drcoit 

29. The dielectric resonator drcuft of daim 28 whoraba said tlnu^ 
mounted parallel to bases of saidresonatois. 

30. Tl»didectric resonator dnaiitofclaim 29 further oomprismg a second set of 
sa«ws, wherdn said tudng ptetes are inounted to said endosure by said second set 

and vfccrein said endosuie further comprises holes flneaded to mate with said screws of said 
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second set of screws, vAexoby said positions of said taning plates can be a^usted 
longitudinally by rotation of said saxim of said second set of screws relative to said 
enclosure. 

31. The dielectric resonator dicuit of claim 30 wherein said holes of said 
enclosure for mating witti said second set of soews are tibough holes such that said second 
ends of said screws of said second set of screws may protrude outwardly fiom said enclosure. 

32. The dielectric resonator circuit of daim 28 wherein said tumng plates are 
circular and have aradius smalla: than a radius of bases of said resonators. 

33* Ihe dielectric resonator circuit of claim 32 who^ said tuning plates have a 
diametear smaller than 150% of a diameter of said longitiidinal through hole. 

34. The dielectric resonator circuit of claim 33 wherein said tuning plates have a 
radius of between 130% and 150% of said diameter of said lon^tudinal through hole. 

35. Tlie dielectric resonator drcuit of claim 16 \dieieui said rescmators axe 
arranged widi &rir lon^Etudinal axes parallel and not coUinear. 

36- The dielectric resonator drcuit of claim 16 viierem said resonators are 
arranged in a radial pattern relative to each other. 
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37. The dieteclric lescmator dicuit of claim 36 i^eipein said lesonatois aie 
atranged such that said longitddinal axes of said lesooators intarsect at a point fonning fiie 
cmter of said tadial pattern. 

3 The dielectric lesonator dicuit of claim 37 ^dxerdn said enclosure is a 
cylinder* 

39. The dielectric resonator dicoit of claim 3S i^dieretn said resonaUits are 
adjustably mounted to said enclosure so that said resonators' positions relative to each other 
ate adjustable. 

40. The dielectric resonator drcuit of claim 3 9 further oonqmsiitg a first set of 
mo un t i ng screws, eadi having a fiist end cotQ>led to one of said resonators and a second end 
coiq)l6d to said housii^ wfaecein at least one of said first and second eaids is adjustably 
coiqpled to said resonator or said enclosure, respectiveiy, so ftat said resonators' positions can 
be adjusted relative to each other. 

4L Hie dielectric resonator dicuit of claim 40 vvfaerein a longitudinal axis of each 
of said screws is paraUet to a longitudinal axis of the resonator to wfaidi it is coupled. 

42. Ihe didectric resonatoEr drcuit of daun 41 Yisexcm said Irmgitwlifial thiou^ 
holes of said resonators are threaded to male wifli threads of said screws, wfaet^ said 
positions of said resonators can be adjusted longitudmalfy by relative rotation of said screws 
and said resonators. 
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43 . The dielectric tesonator drcuit of claim 40 wheiein said ^closure finrther 
comprises holes threaded to niate vfiAx said screws^ vAiexthy said positions of said iiesonatois 
can be adjusted longitudinaUy by rotation of said screws leMvetosaidenclosuie* 

44. The dielectric resonator drcuit of claim 43 wherdn said holes of said 
oiclosure ate through holes such that said second ends of said sca:evv5 may pmtrude outwardly 
from said enclosure. 

45. The dielectric resonator circuit of claim 43 "c^dieiein said enclosure is an 
equilateral polygon conq)rising an outer ladial ^vall and an inner radial wall and fiirth^ 
c omp risin g tuning plates acg ustabfy mounted to said enclosure adjacmt said lesonators in 
ordor to aiQust a center frequency of said circuit; wherein said tunmg plates are mounted 
parallel to bases of said resonators by a second set of screws, each said screw having afirst 
end coi^led to one of said tuning plates and a second end coupled to said enclosure. 

46. The dielectric resonator circuit of 6laim4S wfaaein said enclosure is an 
annidus. 

47. The dielectric resonator circuit of claim 45 wherein said holes in said 
enclosure for mating with said first set of screws are 1hroug|i holes so that said first set of 
screws may protrude outwardly from said ^closure and are positioned m one of said iniier 
and outer radial walls of said enclosure and i»A)erein said holes in said enclosures for mating 
witti said second set of screws are through holes so that said second set of screws may 
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protrude outward^ firom said enclosme and ate pontioaed in Ae other of said 'mux and oiOa 
ladial waUs of said endosine. 



48. A system for coupKng encargy to or from a resonalnr cnmpriai'ng' 

a resonator conqnrising a body fbnned of a dielectric matocial, said bodtjr including a 

l<n^tiidinaI11uoue^ hole and myingm(motoiucanyin<»os8-sectiona^ 

said l ongtndina! diiection as a fimction of said longitudinal direction; and 
a coiqpling loop con:pismg a conductive wire having a firs^ 

said wire fixmed as a substantially planar spiral and \vherein said first and second ends are 

coupled to as^nal source or signal Hftirfttmrinn 



49. The system ofdaim 48 vi^ierein said coiq>Iing loop is positioned paraOd 
base of said resonator. 

50. AsfystemforcoiqdingaieigytoorfiDmaTBsonatorconGpnsing: 
a substrate; 

aiesonator conqoi^ a body formed of a dielectric material, s^ 
longifudinal fbtough hole and a base suiftce and a top surface parallel to eadi other and 
popeodicuhirto saidloogitudinalArovtghhole^ said body varying iiiGo>8s-^^ 
ditectton perpendicular to said langitucfinal through hole with said cross-sectional area 
decreasing fom said base surfece toward said top surfece, said resoruitor bamg m^ 
said substrate by said top sutftce suditimt said base is above said substrate; and 



wo 2004/027917 PCT/US2003/029406 

44 

amiarostrip formed on said substrate^ studmiciostrip having a first end coiqpled to a 
agnal souice or sigiul desliiiadoii and a seccHid end pos^ 
saidresQiiat{»r. 

51. The systmofclaim 50 wheairan said second eo^ 

first and secondly each jbmiing an Bicaroiiod said top soc^^ < 

52. llie system ofclaim 49 \^ierein said body is a cone. 

53. A didectrie resonator dicuit com prigiiig; 

a phnalitjr of dielectric resonators, wherdn said resonators are portioned relative to 
each othw such that a field generated in each resonator covtpleis to another of said res(»iators; 
an eoclosare eoclosmg said plurality of resooatois; 

an wpat coiqilmg elonent for electromagi»tically covpling eoecgyinto one of said 
resonators; and 

an on^ut coi^Iing element for electromagneticaUy coiqilmg energy fiom anoOer one 
ofsaidresonatiKcs; 

vidieiein said resonators are adjustably mounted to said enclosure so ttiat said 
lesonators' positions relative to eachotiber aie adjustable. 



54. Ihe dielectric resonator drcuit of daim 53 wfaemm said dielectric resonatois 
ate (^lindrical and inchide a longitodmal throi^ hole. 
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55. Ilie dielectric tesQtialDrcirc^ further comprising a first set of 
mounting screws, each having a fbrst end coiQ>led to one of said lesonatois and a second end 
coiipledlo said housing, wha:ein at least one of said first and second ends is adjustably 
coiq>led to said lesonator or said enclosure, respectively, so that said resonators' positions can 
be adjusted relative to each other. 

56. The dielectric resonator drcuit of claim 55 wherein a longitudinal axis of each 
of said screws is parallel to a kn^ttudinal axis of the resonator to which it is coi^led. 

57. The dielectric resraator drcuit of claim 56 indierein said resonators conq)rise 
longitudinal througji holes and wherein said longttudinal through holes are threaded to mate 
with threads of said screws, ^er^y said positions of said resonators can be adjusted 
lon^tudinally by rdative rotation of said screws and said resonators. 

58. The dielectric resonator circuit of daim 55 wh«:dn said enclosure furttter 
comprises holes threaded to mate with said saxw% vAsahy said positions of said resonators 
can be adjusted longitudinal^ by rotation of said soews relative 1o said endosme. 

59* The didectric resonator chcdt of daun 58 iM^ieidn said hcdes of said 
enclosure are through holes such that said second ends of said screws may ixotnide outwardly 
fiom said endosure. 



60* The dielectric resonator circuit of claim 55 vdierdn said saews are noo- 
conductive. 
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61. The didectric lesonator cmxnt of claim S3 fiirlfaer comprimng taning plates 
adjustably mounted adjacent said lesonatois in order to adjust a center fiequeaocy of said 
chcait 

62. The dielectric lesonator dnniit of claim 61 i^ia:ein said timing plates aie 
mounted parallel to bases of said resonators. 

63 . The dielectric resonator drcoit of claim 62 further comprisiiig a second set of 
screws^ wherein said tuning plates are mounted to said endosore by said second set of screwy 
and wfaerran said mclosure further comprises holes threaded to mate yriOx said screws of said 
second set of screws, wiiercby said positions of said tuning plates can be a<^ usted 
longitudinally by rotation of said screws of said socood set of screws relative to said 
enclosure. 

64. The dielectric resonator drcuit of daim 63 whecdn said holes of said 
Mclosrae for mating with said second set of screws axe throu^ holes sudi that said second 
eiKls of said screws of said second set of sctews may profmde outwardly fiom said enclosure. 

65. A dielectric resonator comprising a body formed of a didectric matraial, said 
body including a longitudinal through hole, said body varying in cross-sectiond area 
peip^ulicular to said longitodind direction as afimction of said longitudind direction. 
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66. A dielectdc xesonaka far susiainmg a tcansveEse dectdc mode field, said 
resonator compnsing a body formed of a dielectric matedal, said body including a 
longitudinal though hole peipendicular to said transveise electric mode field, said body 
varying in cross-sectional area peipendicular to said longitudmal direction as a function of 
said longitadinal direction. 

67. A dielectric resonator drcuit for sustaming a transvorse electric (TE) mode 
fieldy said drcuit comprising: 

a phiralitjr of dielectric resonators, each comprising a body formed of a dielectric 
material, said resonator varyiiig m cross-sectional area paraflel to s^^ 
fimction of a direction perpendicular to said TE mode field; 

i^dierein said resonatois are positioned rdative to each otfa 
generated in each resonator couples to a field of anotho: of said resonators; 

vrfieiein eadi resonator is longitudinalfy mverted relative to ofter resonators to which 
its field coiqdes. 

68. ^dielectric resonator drcwt of claim 67 

69. The dielectric resonator drcoit of claim 6STvherems^ 

fitt^. 



70. The dielectric resonator dbrcuit of clafan 6 8 wherem said resonator is truncated 
such fiiat a TE mode fidd induced in said resonators in accordance with op^ 
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dicuit edsts pnmarily ^thin said lesonatois and a coirespoiidmg Hi i mode field exists 
pdnmrily wOiout said lesonators. 

71 . The dielectric resonator dicuit of claim 67 fiirttier coiiq)rising: 
a mm-cojiduoctive eodosoie enclosing said plurality of lesonatois; 

an input ooiq>ling element for electromagneticaUy coupling enetgy into one of said 
resonators; and 

an output coupling element for eledromagnefically coupling en^gy j&om anotiier one 
of said resonators; 

vdierein said resonators are acy ustably moimted to said enclosure so fliat said 
resonators' positions relative to each odier are adjustable. 

72. The dielectric resonates drcuit of claim 1 fur&eroorn^ 

mounting screws, each having a first end coupled to one of said resonatom and a second end 
coupled to said housing, vrtierein at least one of said first and second ends is adjustably 
coupled to one of said resonator and said aiclosure, respectively, so tiiat said resonators' 
positions can be adjusted relative to eadi other, 

73 . Tie dielectric resonator drcuit of claim 72 vrfier^ a longitudinal axis of eadi 
of said sorews is parallel to a longitudinal axis of the resonator to vrfiich it is coupled. 

74. The dielectric resonator circuit of cUum 73 v<*ereni said longitudinal through 
holes of said resonators are threaded to mate with tiireads of said screws, whereby said 
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poaitioDs of said lesonatois can be adjusted longhudinaUy by relative rotation of said screws 
and said lescmators. 

75. Ibe dielectric lesonator dicmt of claim 72 vrfieiein said mclosme Anther 
con^lrises holes threaded to male with said screws, whereby said positions of said resonators 
can be adjusted longitudinally hy rotation of said screws relative to said enclosure. 

76. The dielectric resonator circuit of claun 75 vAiaem said holes of said 
enclosure are through holes such that said second ends of said screws may protrude outwardfy 
from said enclosure. 

77. Hie dielectric resonator drcnit of claim 72 vdierein said sa»ws are non- 
conductive. 

78. The dielectric resonator circuit of claim 71 further comprising tuning plates 
ac^ ustably mounted adjacent said resonators m ord^ to adjust a cent^ fiequency of said 
circuit 

79. The didedric resonator circuit of claim 78 wfaerrin said tmiing plateiy 
mounted parallel to bases of said resonators. 

80 . The dielectric resonator dicuit of claim 79 ftrtho: comprising a second set of 
screws, ^(dierein said tuning plates are mounted to said ndosure by said second set of screws, 
and \^erem said enclosure furOier compises tibrough holes threaded to mate with sai d screws 
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of said second set of sczews such tfiat said second rads of said soews of said second set of 
aaews may protrode outwardly from said mclosure, wiiereby said positions of said tuning 
plates can be adjusted longitudinally by rotation of said screws of said second set of screws 
relative to said enclosuie. 

8 1 . The dielectric resonator circuit of claim 80 ^i^erdn said tuning plates are 
circular and have a radius smaller than a radius of bases of said lesonators. 

82. Itte dielectric r^nator circuit of claim 81 wherein said toning plates have a 
diameter smaller than 1 50% of a diameter of said longitudinal through hole. 

83 . The dielectric resonator circuit of daun 82 wherein said tuning plates have a 
radius of between 130% and 150% of said diamet^ of said longitudinal throu^ hole. 
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Figure 3B 
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Figure 6B 
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